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The 
I. Introduction
In recent years, increasing evidence has emergedthat the clouds of the earth's stratosphere are composedof rather exotic aerosols.
In view of the fact that atmospheric physicists have traditionally placed the greatest emphasis on the water and ice particle microphysical processes that lead to precipitation, a perspective based on extraterrestrial atmospheres seemsmore appropriate for understanding these tenuous clouds. Nonetheless, the combined data obtained from balloon-borne sampling devices, airborne and ground-based lidar probing, and satellite-based passive remote sensing observations have indicated that stratospheric clouds may have a significant effect on climate and atmospheric processes. Both volcanically-injected aerosol clouds I and polar stratospheric clouds 2 have been linked to climatic perturbations, and it has also been theorized that stratospheric cloud formation and ozone depletion during the polar night are interrelated. 3
Muchof the recent evidence concerning the composition of stratospheric cloud particles has been inferred from polarization lidar observations, which provide indications of particle shape. In combination with atmospheric chemistry model findings, it has been possible to arrive at several candidates for aerosol species that could account for the lidar depolarization data and satisfy the basic atmospheric/chemical requirements. acid by weight in distilled water, and also for comparison using pure distilled water. Previous experience has shown that this cloud generating device produces water droplets with modal radii between 5.0 and 10.0 _m. Typically, the chamber is allowed to becomefilled with droplets until the cloud optical thickness _ 1.0, and then dry nitrogen gas is introduced at a flow rate of a few liters per minute to begin evaporating the droplets. Thereafter, the cloud optical thickness gradually decreases in response to the combined effects of droplet evaporation and the flushing of particles from the chamber. After a sulfuric acid cloud experiment, the chamber is evacuated to remove residual particles and gases, and room air is reintroduced into the chamber. However, for sometests, the residual aerosol was left in the chamberand allowed to age prior to water cloud formation, and in other experiments small amountsof ammoniagas (typically <0.1 _) were introduced into sulfuric acid clouds to promote acid droplet crystallization.
Experimental Results a. Acid Droplet Single and Multiple Scattering
It is a fundamental scattering principle that no depolarization of an incident electromagnetic wave is produced in the exact backscatter direction from particles that are spherical and optically homogeneous. However, as amply sulfuric acid cloud clearly backscatters more energy. As indicated by the Mie scattering simulations given in Fig. 2 , this latter finding is related to the greater single backscattering efficiency of scatterers with the increased refractive index associated with acid solution drops, although the observed differences are stronger than would be anticipated from single scattering alone.
It can also be noted that, for low values of _, the water cloud 6 tend to assume a constant value of -0.015, while acid cloud depolarization is slightly higher and, in manycases, 6 actually increase somewhatas the acid cloud finally dissipates. This behavior is consistent with the formation of inhomogeneousor nonspherical aerosols from the evaporating particles either through particulate scavenging or reaction product growth, as examined below.
b. Crystallized Droplet Scattering
As discussed, for example, by Rubel and Gentry, 12 reaction products resulting from gaseous diffusion to acid droplets can lead to particle crystallization at a rate dependent on drop size and reacting gas partial pressure. As already noted, and as shown by the "+" symbols in Figs. 3 and 4 , the slight depolarization increases often measured in dissipating sulfuric acid clouds may indicate the development of particle inhomogeneities due to the absorption of a reactive gas. Presumably, ammoniais the reactive gas, and ammonium sulfate is the reaction product. However, the maximum 6 values of~0.02 in Figs. 3-4 Peak 6 values of -0.05-0.07 were measured in weakly scattering layers (scattering ratio R < 5), although as they pointed out, the depolarization measurementsinclude molecular scattering effects and so underestimate (by a factor of -1.5 according to our analysis) the depolarization generated by the aerosol componentalone. Ice crystal scattering effects are unlikely to be responsible for their findings, whereas acid droplet evaporation and subsequent partial crystallization would likely produce a similar tendency and peak 6 values. Thus we consider it worthwhile to pursue modeling studies to determine the importance of ammoniagas reactions as a sink for stratospheric sulfuric acid clouds.
